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SUMMARY
An ,experiment dealing with different times of soil fumigation
and sources of nitrogen in burley tobacco plant production
was carried on at the Tobacco Experiment Station during 1958-
1961,inclusive. Fall fumigation of the soil with methyl bromide
was compared with fumigating before seeding in the spring. Nitro-
gen sources compared were nitrate of soda, ammonium sulfate,
urea, and a mixture of the three. A check, or no-nitrogen treat-
ment, was also included.
• Response to nitrogen was obtained with both times of fumiga-
tion.
• Results obtained on fall-fumigated beds showed that ammo-
nium sulfate, urea, and a mixture of nitrogen sources were about
equally satisfactory for producing tobacco plants. Nitrate of soda
was somewhat less effective.
• On the spring-fumigated areas, nitrate of soda was much su-
perior to the other sources of nitrogen for producing early plants.
Relatively few early plants were obtained with ammonium sulfate
or urea on spring-fumigated beds.
• Overall, plant production was more satisfactory when methyl
bromide was applied in the fall. This was especially true when
the nitrogen used was not in the nitrate form. On the average, the
first pulling of usable plants was made about 10 days earlier and
the total number of plants obtained was about 60more per square
yard on fall. than on spring-fumigated beds.
Grateful acknowledgement is hereby made by the authors to
Superintendent J. Hugh Felts of the Tobacco Experiment Sta-
tion,Greeneville, Tennessee, for his assistance in conducting
the tests reported in this bulletin.
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INTRODUCTION
The use of methyl bromide gas for sterilizing tobacco plant bed
soils has become widespread in the past few years (2, 6, 7,
10).1 The gas is effective and relatively economical. It is usually
applied in the fall, but it dissipates rapidly enough for use before
seeding in the spring.
In addition to destroying most weed seeds and disease-producing
organisms, however, fumigation with methyl bromide adversely
affects some of the useful soil bacteria. The action of the nitrifying
bacteria is inhibited for 4 to 8 weeks or even longer (3, 4, 8, 11).
The conversion of ammoniacal and organic forms of nitrogen into
nitrates depends on the action of these bacteria. Nitrification, which
usually takes place rapidly in warm, moist soil, is very important
since most plants absorb nitrogen in the nitrate form.
The nitrogen contained in commercial mixed fertilizers is pre-
dominantly ammoniacal in form. Decomposing organic matter also
produces ammonia which is rapidly converted into nitrates in warm
weather. Because of suppressed nitrification, therefore, excessively
high levels of ammonia are likely to occur in spring-fumigated soils
that have received heavy applications of ammoniacal or nitrogenous
organic materials. Under such conditions detrimental effects on
plant growth may occur as a result of ammonia toxicity and/or
nitrate deficiency.
To study the effects of time of fumigation and source of nitrogen
on burley tobacco plant production, an experiment was initiated at
the Tobacco Experiment Station, Greeneville, Tennessee, in 1958
and continued through 1961.
*Authors are Agronomist and Senior Agronomist respectively of the Crops
Research Division, Agricultural Research Service, United States Department
of Agriculture.
1Numbers in parentheses refer to literature cited, page 16.
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MATERIALS AND METHODS
The fall and spring fumigation treatments were applied to adja-
cent beds which were separated by a 2-foot balk. Fertilizer treat-
ments were arranged in a randomized block design with four
replications. Individual plots were 2 square yards in area. Data
were taken from the center square yard of each plot. Fertilizer
treatments and management factors were identical for the two
beds except for time of fumigation.
The test was located on Nolichuckey silt loam soil in 1958 and
1961and on Waynesboro silt loam in 1959and 1960. The pH ranged
from 5.2 to 5.7 the last 3 years of the test. No soil samples were
taken in 1958.
The area on which the test was located had been managed in a
4-year rotation for several years. The rotation consisted of 3 years
of grass sod followed by 1 year of plant beds. The 1958 and 1959
beds followed orchardgrass, the 1960 ones bluegrass, and the 1961
ones tall fescue. Some volunteer legume growth consisting of white
and hop clovers appeared in all of the sod crops.
The grass sod for both the fall- and spring-fumigated beds was
turned during the summer. In October the area was thoroughly
disked and the fall fumigation treatment applied. The spring bed
was re-worked to a depth of about 3 inches with a spike-tooth
harrow and fumigated in March each year prior to seeding.
Methyl bromide was applied at the rate of 9 pounds per 100
square yards.
The sources of nitrogen were nitrate of soda, ammonium sulfate,
urea, and a mixture consisting of one-third of each. Other ferti-
lizer materials were 20% superphosphate and 50% sulfate of potash.
All plots were fertilized with 1f2-poundof 4-12-8 equivalent per
square yard except the check which received no nitrogen. The
fertilizer was applied broadcast and worked into the top 2 or 3
inches of soil before seeding. On one nitrate of soda treatment,
half of the nitrogen was applied before seeding and half was top-
dressed in water solution when plant leaves were about 1 inch long.
The beds were seeded at the rate of three level teaspoons of
seed-or about 6.5 grams-per 100 square yards. The Burley 21 va-
riety was used each year.
Stand counts were determined when the larger plants were in
the 4- to 6-leaf stage and represent the average number of plants
counted in four I-square foot areas selected at random within each
plot.
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Plants were sprayed with DDT as needed to control flea beetles
and other insects.
Since methyl bromide does not completely control weeds, one
hand weeding was necessary each year. White clover, a hard-
seeded legume, was the most common weed. Weeds were not
counted, but control seemed to be about equal for the fall and
spring fumigations. Algae, however, were plentiful in the fall-
fumigated bed but almost completely controlled by spring fumiga-
tion.
WEATHER CONDITIONS
Total rainfall is usually adequate to excessive during the plant-
growing season at the Greeneville station (Table 1). Nevertheless,
Table I. Rainfall (inches) at Greeneville, Tennessee, for 10- or
1I-Day Intervals and Monthly Totals During Plant Bed
Seasons 1958-61.
Year
Period 1958 1959 \960 196\ Normal
March 1-10 .67 .53 1.51 1.94
11-20 .85 047 .31 .94
21-31 1.05 1.77 .56 1.23
Total 2.57 2.77 2.38 4.11 4.26
April 1-10 1.06 .97 .80 1.31
11·20 AI 3.69 1.05
21-30 2.44 .54 1.09 .30
Total 3.91 5.20 1.89 2.66 3.14
May 1-10 3.98 1.05 1.06
11-20 .33 1.79 .17 .53
21-31 046 1.68 2.20 .84
Total 4.77 3047 3042 2043 3.32
June 1-10 .09 .29 1.08 1.22
11-20 3.17 .17 2047 1.67
21-30 1.57 1.53 3.02 1.19
Total 4.83 1.99 6.57 4.08 3.38
poor distribution causes the beds to dry out and some watering is
required in most years. Supplemental water may become necessary
at any period in plant growth from germination until the final pull-
ing. Supplemental water was applied in each of the 4 years this
test was in progress.
Temperatures usually do not fall low enough to damage plants
seriously at the Greeneville station. However, plants show some
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symptoms of cold injury in most years in the form of whitened and
malformed bud leaves while the plants are small. Recovery is usu-
ally rapid with the advent of warm weather.
RESULTS AND DISCUSSION
Sources of itrogen. Previous experiments in tobacco plant bed
fertilization have shown that nitrogen must be applied for satis-
factory plant production at the Greeneville station (5, 6). The
soils on which these experiments were conducted are fairly repre-
sentative of the types found in eastern Tennessee.
Differences among nitrogen sources for plant bed use may be
attributed mainly to variation in leaching, the form of nitrogen
required by the plant, the effect of the soil reaction and other soil
properties on availability, and the nutrient value of secondary ele-
ments contained in nitrogen compounds. The first two of these
differences are considered to be of most importance in this experi-
ment.
The nitrogen contained in nitrate of soda is readily available to
plants. The nitrate ion, however, is easily leached downward in
Table 2. Stands (Plants Per Square Foot) of Burley Tobacco
Plants as Related to Time of Fumigation and Nitrogen
Source.
Nitrogen source
Am-
Fumigation Nitrate mon- Year
and of ium 1958-
treatment no. soda sulfate Urea 1958 1959 1960 1961 61
avo
Fall
I (check) 0 0 0 49 80 54 55 60
2 3/3 0 0 45 67 54 55 55
3 0 3/3 e 60 72 49 45 57
4 0 0 3/3 65 77 51 49 61
5 1/3 1/3 1/3 63 64 51 54 58
6 3/3* 0 0 40 73 47 56 54
LSD (.05) NS NS NS NS NS
Spring
I (check) 0 0 0 69 61 53 47 58
2 3/3 0 0 53 67 54 55 57
3 0 3/3 0 67 59 48 51 56
4 0 0 3/3 61 68 52 51 58
5 1/3 1/3 1/3 51 58 52 51 53
6 3/3* 0 0 64 55 51 50 55
LSD (.05) 13 NS NS NS NS
.Half at seeding and half topdressed.
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the soil beyond the reach of shallow-rooted tobacco plants and poor
or erratic plant production may result. For this reason nitrate of
soda may be relatively unsatisfactory as a single source of nitrogen
applied at seeding (1, 5, 6, 7, 9).
The nitrogen contained in ammonium sulfate is retained in the
soil and does not leach readily. It must, however, undergo nitrifi-
cation before being fully utilized by tobacco plants.
Urea is usually converted into ammonium compounds within a
short time after application to the soil. These ammonium com-
pounds are held in the soil against leaching, but they must also
undergo nitrification before being fully utilized.
Plant Stands. Plant stands in the general range of 50-100plants
per square foot may be expected to give satisfactory plant produc-
tion (6). Stands were within a normal range each year (Table 2).
Similar stands were obtained with the two times of fumigation and
with the various fertilizer treatments applied.
Plant Production at the First Pulling. Usually producing early
plants is emphasized. Early plants can be transplanted while the
weather is cool and the soil moist. As the temperature increases
Figure '.-Showing the effects of nitrate nitrogen on the spring-
fumigated bed in 1960: nitrate of soda one-half topdressed (left).
and no nitrogen (right).
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the soils dry out and good stands in the field are more difficult to
obtain. Early-transplanted tobacco also matures at the proper time
to be harvested during favorable curing weather of late summer
and early fall. To take full advantage of early setting, most grow-
ers sow enough bed area to set their entire crop from the first
pulling of plants.
Nitrogen deficiency symptoms were more pronounced on the
spring- than on the fall-fumigated check treatment. Plants in the
check plots of the spring bed were severely stunted, yellowed, and
unthrifty (Fig. 1). Nitrification in the spring-fumigated soil had
been retarded so that plant production at the first pulling was
negligible (Table 3). Symptoms of nitrogen deficiency were pres-
Table 3. Burley Tobacco Plants Obtained Per Square Yard in
First Pulling as Related to Time of Fumigation and
Nitrogen Source.
Nitrogen source
Am- Year
Fumigation Nitrate mon- 1958-
and of ium 61
treatment no. soda sulfate Urea 1958 1959 1960 1961 avo
Fall
I (check) 0 0 0 0 80 171 43 74
2 3/3 0 0 50 112 235 145 136
3 0 3/3 0 150 207 194 204 189
4 0 0 3/3 147 196 218 220 195
5 1/3 1/3 1/3 113 227 223 168 183
6 3/3* 0 0 48 158 213 161 145
LSD (.OS) 81 85 NS 75 43
(.0I) 112 NS NS 104 57
Spring
1 (check) 0 0 0 16 0 0 0 4
2 3/3 0 0 113 106 168 171 140
3 0 3/3 0 49 20 50 0 30
4 0 0 3/3 100 94 63 33 73
5 1/3 1/3 1/3 134 128 160 149 143
6 3/3* 0 0 164 171 157 198 173
LSD (.OS} 52 37 50 61 28
(.01) 71 51 69 84 37
*Half at seeding and half topdressed.
ent but less severe on plants in the fall-fumigated check plots,
showing that nitrification had proceeded at a more normal rate in
this bed. However, average results show that all sources of nitro-
gen used in the fall bed produced a highly significantly greater
number of plants at the first pulling than the check.
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Nitrate of soda applied at seeding was about equally effective
in producing early plants in the fall- and spring-fumigated beds for
the 4-year period. The readily available nitrate produced plants of
normal growth and appearance in the spring-fumigated bed (Fig.
2). Response to nitrate of soda applied to the fall-fumigated bed
Figure 2.-Showing the effects of suppressed nitrification in the
spring-fumigated bed in 1960: nitrate of soda (left), and ammo-
nium sulfate (right).
was somewhat erratic from year to year in comparison with re-
sponse to other sources of nitrogen.
Topdressing with half of the nitrate of soda when plant leaves
were about 1 inch long did not improve plant production at the
first pulling from the fall-fumigated bed. Topdressing did improve
plant yield in the spring-fumigated bed in 1959and showed a tend-
ency toward improvement in 1958. In these 2 years a marked im-
provement in plant growth was noted, beginning 4 to 6 days after
topdressing, with a corresponding increase in number of plants
obtained at the first pulling. Plant production leveled out after
the first pulling and no increase in total production was obtained.
A partial explanation for obtaining a response to topdressing from
the spring- and not from the fall-fumigated bed might be that
10
Figure 3.-Ammonium sulfate applied to fall-fumigated bed (top),
and to spring-fumigated bed (bottom) in 1961. Plants in the
spring bed are normal in appearance but growth has been se-
verely retarded.
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there was a temporary tie-up of nitrogen by the greater population
of soil organisms present in the fall-fumigated soil.
Ammonium sulfate and urea were of about equal value and con-
sistently produced a good first pulling when applied to the fall-
fumigated bed. Suppressed nitrification severely retarded early
plant growth in treatments that received these same materials in
the spring-fumigated bed, and a poor first pulling was obtained
each year (Figs. 3 and 4, Table 3). Symptoms of ammonia toxicity
and/or nitrate deficiency as shown by plant stunting and wrinkling
and yellowing of leaves while plants were small were present in
these treatments in the spring-fumigated bed in 1958 and 1959.
These symptoms, however, disappeared, and except for the effects
of early stunting, normal growth was resumed by the time the first
plants were pulled. Typical symptoms of ammonia toxicity were
not observed in 1960 and 1961 and even though early growth was
severely retarded, plants appeared to be normal except for slow
growth. Similar conditions probably form the basis of complaints
received from growers who sometimes report plant stunting in beds
that have been fumigated with methyl bromide gas.
Possibly because of initial difference in soil reaction, plants in
the spring-fumigated bed fertilized with urea resumed normal
growth a few days before similar growth occurred in ammonium
sulfate-fertilized beds.
Inclement weather caused a lapse of time (almost 5 weeks in
1958 and 3 weeks in 1961) between spring fumigation and seeding
(Table 4). Even with this delay, the population of soil organisms
Table 4. Dates of Fumigating Spring Bed and Seeding Dates of
Fall- and Spring-Fumigated Beds.
Year
Spring bed
fumigated
Seeding
dates
1958
1959
1960
1961
March 6
March 10
March 25
March 6
April 9
March 17
March 28
March 27
apparently had not regained normalcy since suppressed nitrifica-
tion in the check, ammonium sulfate, and urea treatments ad-
versely affected early plant growth.
The mixture of nitrogen sources contained enough readily avail-
able nitrogen to promote good growth in the spring-fumigated bed
(Fig. 5). Plants were normal and production at the first pulling
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Figure 4.-Urea applied to fall-fumigated bed (top), and to
spring-fumigated bed (bottom) in 1961. Suppressed nitrification
caused retarded growth in the spring bed.
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Figure 5.-Showing the effects of the nitrogen· mixture (left), and
ammonium sulfate (right), applied to the spring-fumigated bed
in 1961. The mixture contained enough nitrate nitrogen to pro-
duce normal growth.
was satisfactory although somewhat less than in the same fertilizer
treatment in the fall-fumigated bed.
Without the application of nitrate nitrogen, spring fumigation
delayed plant production from 6 to 16 days with the average delay
being about 10 days. From a practical standpoint, this would mean
that a grower who fumigates in spring and uses a ready-mixed
fertilizer would transplant his crop 10 days later than if he had
fumigated in the fall.
Total Plant Production. Nitrogen deficiency symptoms were
more pronounced in the spring- than in the fall-fumigated check
treatment throughout the plant-bed seasons. Consequently, fewer
plants were obtained from the no-nitrogen treatment fumigated in
the spring than from the corresponding fall treatment (Table 5).
The total number of plants obtained with nitrate of soda was
substantially the same for both fumigation treatments. Topdress-
ing with half of the nitrate of soda did not materially improve
overall plant production in this experiment.
Ammonium sulfate was one of the better plant producers when
Table 5. Total Burley Tobacco Plants Obtained Per Square Yard
from Two or Three Pullings as Related to Time of Fumi-
gation and Nitrogen Source.
Fumigation
and
treatmentno.
Nitrogensource
Am-
Nitrate
of
soda
mon-
ium
sulfate Urea
Year
1958 1959 1960 1961
1958-
61
avo
Fall
I (check)
2
3
4
5
6
LSD (.05)
{.Ol }
Spring
I (check) 0 0 0
2 3/3 0 0
3 0 3/3 0
4 0 0 V3
5 1/3 1/3 1/3
6 3/3* 0 0
LSD (.05)
{.Ol}
o
3/3
o
o
1/3
3/3*
o
o
3/3
o
1/3
o
o
o
o
3/3
1/3
o
118
193
329
311
336
229
87
121
497
462
549
540
533
509
NS
NS
360
375
347
380
364
342
NS
NS
305
406
363
354
364
384
NS
NS
133 331 240 210 229
244 407 321 411 346
242 360 279 306 297
277 414 300 356 337
243 377 335 373 332
267 466 325 365 356
NS NS 52 67 46
NS NS NS 93 61
320
359
397
396
399
360
51
NS
*Half at seeding and half topdressed.
applied to the fall bed and the poorest of the nitrogen sources used
when applied to the spring bed. The early effects of inhibited nitri-
fication were never completely overcome in the spring-fumigated
beds. Fall fumigation resulted in a 4-year average increase of
about 100 plants per square yard for this treatment.
The fall-fumigated beds also produced more plants than spring-
fumigated beds from treatments that received urea and the mix-
ture. In these treatments, a 4-year average increase of more than
60 plants per square yard was obtained by fall. fumigation.
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